ABSTRACT There is a need for quantitative data on patterns and rates of movement of organisms to understand their movement behavior and predict their rates of spread. Opportunities for studying movement of biological control agents are presented during release programs. However, despite these opportunities, patterns and range of dispersal are often not considered. For example, information about effects of wind on dispersal patterns and heterogeneities in rates of movement is critical to predicting future range expansion of biological control agents and determining proximity of multiple releases. Here, the pattern and range of movement of a Þre ant parasitoid, Pseudacteon tricuspis Borgmeier, was investigated by performing a series of mass-release-resighting experiments. Flies were released at a central location surrounded by radial transects containing trays of host ants at variable distances along four axes. Resighted ßies were censused at these trays at 30 min intervals, up to 2 h postrelease. The dispersal pattern of P. tricuspis in the short term was consistent with a simple diffusion model. On average, 50% of P. tricuspis dispersed Յ10 m, and 95% dispersed Յ29 m. Diffusion rates were variable, depending on release densities, but tended to decline over time after release. Drift of dispersing ßies was detected in several trials, and was attributed to prevailing wind dynamics. Data from this assessment of the short term redistribution pattern of P. tricuspis could be useful in determining proximity of releases of this, and other Þre ant parasitoids.
Dispersal serves an important function during the life history of many organisms and their population dynamics. Quantifying dispersal of insects is fundamental to an understanding of insect population dynamics (Osborne et al. 2002) , given that local insect population abundance, spatial structure, genetic structure, and long-term persistence rely on aspects of movement (Turchin 1998) . Moreover, there is a need for quantitative data on patterns and rates of movement of organisms. Data of this sort are useful in understanding animal movement behavior, and is necessary to develop predictive models of species spread (Turchin 1998) , particularly organisms released for biological control of invasive insects and weeds.
Important opportunities are presented for studying dispersal when parasitoids are released during biological control programs (Godfray 1994) . In most classical biological control programs, natural enemies are released at a few locations in their new environment, and then are expected to disperse on their own to locate and colonize suitable habitats (Hastings 2000 , Sallam et al. 2001 . However, because of their small size, limited information is available concerning ßight behavior and mobility of biological control agents, including parasitoids (Godfray 1994 , Corbett and Rosenheim 1996 , Bellamy and Byrne 2001 . This information could be useful when determining the number and proximity of multiple releases of biological control agents. For instance, Allee effects and natural enemy movement have been shown to be important for the successful establishment of introduced biological control agents (Hopper and Rousch 1993) . Natural enemy dispersal distances from a release point should be far enough to discover hosts near the release area, but not so far that they disperse into areas that lack suitable hosts (Hougardy and Mills 2006) . Unfortunately, certain aspects of parasitoid behavior and ecology, including dispersal, may be ignored in biological release programs.
Parasitic ßies of the genus Pseudacteon Coquillet (Diptera: Phoridae) have been introduced to the United States for biological control of the red imported Þre ant, Solenopsis invicta (Buren) (Hymenoptera: Formicidae). Numerous releases of Pseudacteon tricuspis Borgmeier have been conducted in the United States (Henne et al. 2007a and references therein). However, no detailed studies of phorid ßy dispersal have been attempted (Disney 1994) , and no methodology for quantifying and modeling individual Pseudacteon dispersal has been developed, despite many opportunities associated with the introduction of S. invicta-speciÞc parasitoids in the United States. However, at least two studies have provided some insights into Pseudacteon dispersal on a local spatial scale. Using trays baited with Solenopsis geminata (F.) workers, Morrison et al. (1999) found that Pseudacteon parasitoids in Texas dispersed up to 650 m from the nearest S. geminata population. Henne et al. (2007b) found that expanding P. tricuspis populations became established across the Mississippi River in Louisiana from populations Ͼ1 km away on the other side. However, we have no information about dispersal rates and population redistribution patterns of Pseudacteon, or even whether dispersal of these ßies conforms to the theoretical expectations of random diffusion, necessitating exploratory research into this area.
Releases of Pseudacteon parasitoids of Þre ants often involve simply liberating ßies at a cluster of disturbed Þre ant mounds in a relatively small area (50 Ð100 m 2 ), and maintaining heightened ant activity for several hours to keep ßies active in the area (see Henne et al. 2007a) . This is repeated almost daily over a 1Ð2 wk period at a release site and involves the release of several thousand ßies. However, many ßies will immediately disperse into the air shortly after release and probably leave the area. In the short term, it would be useful to know dispersal distances of these parasitoids so that releases can be planned efÞciently. For instance, individual releases may be conducted too far apart, with potential Allee effects and stochastic environmental events leading to local extinctions, thereby compromising efforts to establish these biocontrol agents.
To address above cited deÞciencies in our knowledge regarding phorid ßy dispersal, we set out to perform mass-release-resighting experiments to: (1) quantify numbers of P. tricuspis at various distances from a central release point at various time intervals, and (2) determine the redistribution patterns of P. tricuspis dispersers and Þt a diffusion curve to the dispersal data.
Materials and Methods
Study Organism. Pseudacteon spp. are thought to be an important factor in maintaining lower population densities of S. invicta in South America compared with the United States (Porter et al. 1992) , and consequently may similarly suppress S. invicta populations in the United States. However, North American species of Pseudacteon that attack native North American Þre ants, S. geminata and S. xyloni McCook, do not attack S. invicta (Porter et al. 1995) . Hypothetically, native ant communities in the United States that have been displaced by S. invicta may rebound by reuniting S. invicta with several of its native Pseudacteon parasitoids (Porter 1998) .
Phorid parasitoids Þnd hosts by orienting to volatilized host ant semiochemicals (Porter 1998 , Smith and Gilbert 2003 , Morrison and King 2004 . For instance, P. tricuspis responds to S. invicta alarm pheromones that are emitted during mound disturbances, alate ßights, and intra-and interspeciÞc Þghting (Williams et al. 1973 , Pesquero et al. 1993 , Morrison and King 2004 , a trait that is exploited in P. tricuspis monitoring surveys.
Dispersal Trials: Experimental Design. Four massrelease-resighting trials were conducted during September and October 2005 near Montpelier in St. Helena Parish, LA (30Њ 40Ј 22" N, 90Њ 38Ј 18" W), in an unmaintained, relatively homogeneous, cattle pasture. An earlier attempt to establish P. tricuspis at this location during fall 2000 failed as repeated postrelease surveys failed to detect the presence of this species (see Henne et al. 2007a ). The experimental design for evaluating P. tricuspis dispersal used the following conÞguration: Clear plastic trays [Pioneer Plastics, Inc., North Dixon, KY (31.25 ϫ 25.4 ϫ 9.5 cm)] were dusted with talc to prevent escape of S. invicta, and were shaded with a 30 cm Styrofoam plate that was pierced with a wire survey ßag. A sheet of 21.25 ϫ 27.5 cm white paper was placed underneath each plastic tray to provide a contrasting background to observe ßies. Four trained observers placed these trays in a radial-pattern [ Fig. 1 , similar to a design in Turchin and Thoeny (1993) and Turchin (1998) p. 31)] at incremental distances from the release point. Distances for each trial are given in Table 1 .
At the start of the Þeld trials, preweighed ants (Ϸ0.5 g each in 20-dram vials) from two unrelated monogyne S. invicta laboratory colonies obtained from the Louisiana State University Agricultural Experiment Station in St. Gabriel, Iberville Parish, LA (30Њ 16Ј N, 91Њ 05Ј W) were poured into each tray. In this approach, we exploited intraspeciÞc aggressive interactions involving the release of alarm pheromones that are attractive to P. tricuspis (Morrison and King 2004) . At 30, 60, and 90 min postrelease, an additional 0.25 g of S. invicta workers from each colony were added to each tray after ßy observations were made to maintain alarm pheromone production, as evaluated by increased (and perhaps prolonged) Þghting between the ants. In addition, every time ants were poured into the trays, a portion of the ants within all trays were crushed to release additional alarm pheromones. We assumed that attraction of the ßies to potential host semiochemicals from the resident S. invicta population was negligible and would not contribute to directional bias.
Newly emerged ßies were released into a Plexiglas cage (40 ϫ 30 ϫ 35 cm) and then the cage was transported from the laboratory to the dispersal study area. Ten plaster blocks saturated with water were placed inside the cage to maintain humidity near 80%. The cage was also placed inside a black plastic bag to limit ßight activity. The cage was large enough to accommodate the ßies so that conÞnement and agitation was minimized. As ßies that are held in cages may exhibit unusually high levels of activity and movement, termed agitation dispersal (Turchin 1998) , ßies were also held in shade for at least 30 min before release during which time the experimental layout was measured and trays set out.
At the start of the dispersal trials, the cage was placed on the ground at the center of the experimental area. The plastic bag was removed, the container lid was opened, and ßies allowed to exit and disperse on their own to locate hosts. Flies were released in the center of the experimental area at Ϸ1030 Ð1100 hours (CDT). Because the density of ßies that are released may result in density-dependent or directed dispersal patterns (Cronin et al. 2001) , we varied the numbers of ßies/release between 310 Ð750 individuals (Table  1) . Additionally, these experimental release densities are similar to daily release densities when attempting to establish P. tricuspis in Louisiana (Henne et al. 2007a) . Because sources of all previous releases of P. tricuspis in Louisiana have been laboratory-bred individuals, lab-reared P. tricuspis were used for all Þeld experiments. All trials were conducted at temperatures Ͼ20ЊC, as this is considered to be the lower ßight threshold for Pseudacteon spp. (Morrison et al. 1999) .
Flies were resighted and counted at 30, 60, 90, and 120 min postrelease. Each observer counted ßies at each tray, starting from the center to the edge of one transect direction. Individual observers counted ßies along each transect direction only once during each trial, and would switch to a different transect during each successive count. No attempt was made in the Þeld to determine sex ratios of ßies. However, ßies were collected on two occasions and identiÞcations of ßies to sex were later made in the laboratory (see below). Fig. 1 that only two trays are placed in the Þrst annulus and four in each of the Þve succeeding annuli. Using this arrangement minimizes the potential for trays closer to the release point to compete for all of the ßies that are released. Trays nearest the release point may attract a disproportionate number of ßies, thereby depleting numbers that would otherwise reach more distant trays, and the resulting densitydistance curve would be deformed from its true shape. Trays nearest the release point should attract no more than a few percent of released ßies, especially when pheromones are being used to study dispersal. By placing trays that contain ants emitting pheromones too close to the release point, then it is ensured that most ßies will be primed to respond to the pheromone and end up being attracted to those trays, and, thus, one cannot reach any conclusions about dispersal.
Note in
The following meteorological variables were recorded at the release point at the time of release and just before each data collection period: air temperature, relative humidity, and dew point recorded at 30 cm above ground, and wind speed and direction averaged over a 1-min period at 1.5 m above ground (Morrison et al. 2000) . Meteorological variables were measured with a handheld digital weather instrument (Speedtech Instruments Skymate Plus Wind Meter SM-19, Forestry Suppliers Inc., Part No. 2320).
Description of Density-Distribution Curve and Fit of Dispersal to a Null Diffusion Model. Statistical analyses of insect dispersal typically avoid assumptions about any explicit model describing the dispersal process, but instead focus on estimating statistical parameters that explain the pattern of dispersal when the data are viewed as a frequency distribution (Plant and Cunningham 1991) . Before Þtting the density-distribution data to a model, methods that test for drift or nonrandomness in the direction of dispersal are usually used (Turchin 1998) . By calculating the mean and variance of the spatial points where each individual is observed, drift can be detected. In a symmetric arrangement of spatial points to resight organisms and assuming that drift is not signiÞcant, the expected mean displacement is zero. A t-test can then be used to test the null hypothesis that drift is not signiÞcant by determining if the mean x-and y-coordinates of resighted ßies are signiÞcantly different from zero (x,y ϭ 0 at release point) (Turchin and Thoeny 1993, Turchin 1998) , and the origin is reset as the mean xand mean y-coordinates if drift is signiÞcant (Turchin 1998, Cronin et al. 2001 ). The following formula was used to compute the x-component of the average displacement of resighted ßies during the census period of maximal resighting (Turchin and Thoeny 1993) :
Where r ij is the number of resighted ßies in tray i during replicate j, x i is the x coordinate of the location of tray i, and n is the number of trays. The y-component was computed in the same manner. Trial 1 was excluded from analysis because it had insufÞcient resighting data. Therefore, tests for drift were conducted for trials 2Ð 4. Trial 4 had identical numbers of maximal resightings during two consecutive census periods, and drift was computed for both periods. As x-component drift was signiÞcant for the two census periods in trial 4 (see Results), the x-coordinate of the origin was computed as the average from the two census periods. Quantitative analysis of density-distance data are normally accomplished by Þtting the data to a densitydistance curve. The null model is a Gaussian curve, which is one particular solution of a simple diffusion equation, and describes the instantaneous densitydistribution in space based on a point-release. If a normal curve Þts the data sufÞciently then it is concluded that the movement pattern of the organism can be approximated by simple diffusion in a homogeneous environment (Turchin 1998) . Methods for testing simple diffusion are given in Karieva (1983) , Turchin (1998), and Cronin et al. (2001) .
An approach similar to that described in Cronin et al. (2001) for determining diffusion of a stem galling ßy, Eurosta solidaginis (Fitch) (Diptera: Tephritidae), was used here to determine the diffusion rate of P. tricuspis. Here, Þeld trials provided information on the density distribution of P. tricuspis at Þxed points in time (i.e., 30, 60, 90, 120 min postrelease censuses). The null diffusion model that was tested is as follows:
Where A ϭ ⌽N o /4Dt, ⌽ is a scaling parameter that depends on observer resighting efÞciency (assumed to be one if observers see all ßies in trays), N o is the number of P. tricuspis released, D is the diffusion rate, and t is time since release. The parameter B is equivalent to 4Dt and was obtained from the peak resighting census period. The diffusion rate, D, is estimated from the mean square displacement of released individuals M divided by 4t, where t is time since release (Kareiva 1982 (Kareiva , 1983 Turchin 1998; Cronin et al. 2001 ).
The diffusion model (equation 2) assumes that the diffusion rate for each census period is constant when organisms are repeatedly sampled over time (Kareiva 1982 (Kareiva , 1983 Turchin 1998) . To test this assumption, the mean square displacement of released individuals, and the diffusion rate for each 30 min census period in trials 2Ð 4 were calculated. Decreasing or increasing trends in diffusion rates over time were computed with PearsonÕs product moment correlations between diffusion rates per census period versus census period (30, 60, 90, 120 min) (Sokal and Rohlf 1995) . If no signiÞcant trend was found, then the average diffusion rate D was calculated. The null diffusion model (equation 2) has the linear form as follows:
The linear form of the null diffusion model (equation 3) was Þtted using a least-squares regression (Sokal and Rohlf 1995) as described as follows. The sum of individual ant trays in each of the second and subsequent annuli was Ϸ1 m 2 in area. However, as the innermost annulus had half the number of trays as the outer annuli, the numbers of resighted ßies in the Þrst annulus were doubled. Next, the number of ßies resighted per meter square (N r ) at each distance category was calculated by dividing the number of resighted ßies by the area of the annulus upon which r is based. Estimates of N r used resighting data from the peak of the four census periods for each trial. In cases where there were zero resightings at distances, 0.01 was added to each value of N r and then those values were natural log-transformed. Separate least-square regression analyses were performed for trials 2Ð 4.
In trials where sufÞcient numbers of P. tricuspis were resighted during a census period, estimates of A and B were used to produce the expected Gaussian distribution of resighted ßies (in 2-d space) (Cronin et al. 2001) . From this distribution, the standard deviation () and the 50% (ϭ0.674 ) and 95% (ϭ1.96 ) quantiles were calculated. The radius of a circle (r) containing those proportions of ßies is represented by these quantiles. All statistical analyses were performed using Prism 5.03 (GraphPad Software, Inc., San Diego, CA).
Dispersal Distances of Fly Sexes. To determine if there are differences in average distance dispersed by ßy sex, a single release trial was performed in a cattle pasture Ϸ9 km east of Norwood in East Feliciana Parish, LA (30Њ 59Ј 8" N, 91Њ 00Ј 55" W) on 6 October 2005. A resident population of P. tricuspis was present in the area, having been established at this location during 2000 (Henne et al. 2007a ). To distinguish experimental ßies from resident P. tricuspis, experimental ßies were marked with a light dusting of pink ßuorescent pigment (DayGlo Color Corp., Cleveland, OH). Previous laboratory experiments showed no differences in behavior or longevity between marked and unmarked ßies (Henne and Johnson, unpublished data) .
Approximately 425 ßies were released at 1100 hours (CDT) in the same manner as described for the release trials at Montpelier. After 1 h had elapsed, resident S. invicta colonies surrounding the release point were disturbed to attract P. tricuspis. A total of eight mounds were sampled, ranging from Ϸ5Ð50 m from the release point. All ßies that appeared at disturbed mounds were aspirated into individual vials and trans-ported to the laboratory where they were frozen for later examination under a stereomicroscope to determine sex and marked versus unmarked. Additionally, at the termination of dispersal trial 4 at Montpelier on 17 October 2005, all resighted ßies at the trays were aspirated into individual vials and also brought to the laboratory as above to determine ßy sex. In both trials, the average distances (in meters) traveled by individuals of each sex were computed and differences were assessed using an unpaired t-test.
Results

Drift.
Tests for drift indicated signiÞcant westward (x-component) displacement during the periods of maximal resighting in trial 4 only (60 min t ϭ 2.66, df ϭ 23, P ϭ 0.01; 90 min t ϭ 2.99, df ϭ 19, P ϭ 0.008; Fig.  2 ). The prevailing wind was toward the southeast, indicating that P. tricuspis dispersers may have been ßying upwind toward S. invicta pheromone sources to the westÐnorthwest. Although not signiÞcant, there was also some displacement to the north of the release in trial 3. The prevailing wind during trial 3 was toward the south (0 Ð5 km/h), indicating that ßies may have been ßying upwind toward S. invicta pheromone sources to the north of the release point.
Resighting Rates and Fit of Movement to a Null Diffusion Model. All P. tricuspis ßew out of the release cages shortly after opening them. The numbers of P. tricuspis resighted at each time interval following release and the maximum percentage resighted are summarized in Table 1 . The numbers of P. tricuspis resighted at each tray along each transect distance are given in Table 2 . In general, Ϸ5% of ßies were resighted. In trial 1, a maximum of only four ßies of 705 released were resighted. Most resighted ßies were observed at the 50 m annulus after 90 min, but a single ßy was resighted at 150 m, 2 h postrelease. In trials 2 and 3, the majority of ßies were resighted within 15 m of the release point, but several ßies were observed at 25Ð30 m. In trial 2, most ßies (70%) were resighted at trays along the eastÐwest axis. The prevailing wind in trial 2 was Ϸ10 km/h Ϫ1 and blowing toward the westÐ northwest, as a result ßies may have been orienting to pheromone sources both upwind and downwind from the release point. In trials 2 and 3, no ßies were resighted at the 20 m annulus until 120 min postrelease. In contrast, trial 4 had the highest resighting frequencies at 20 m from the release point. However, as indicated above, there was signiÞcant drift in this trial.
The diffusion rates estimated for each 30 min census period tended to decline over time in trials 2Ð 4. However, Pearson product moment correlations were marginally signiÞcant in trials 2 and 4 (Table 1) . Diffusion rates at the 30 min censuses were nearly twice as high as the 60 min census, but stabilized thereafter. Estimated diffusion rates for trials 2 and 3 were nearly identical, but trial 4 had a much higher diffusion rate (Table 1) . This discrepancy may have been densitydependent, owing to the higher density of ßies that were released in trial 4 (nearly 2ϫ compared with trials 2 and 3). Based on R 2 values, the redistribution patterns of P. tricuspis dispersers were well described by a model of random diffusion (Table 3 ; Fig. 3AÐC ). However, it should be noted that for trials 2 and 3, the Þt of the diffusion model (equation 3) was marginally nonsigniÞcant in trial 2 and nonsigniÞcant in trial 3. This was attributed to no (or very low) resightings at the 20 m radius in both trials and then resightings at 25 and 30 m. Therefore, the data in trials 2 and 3 were reanalyzed with the 25 and 30 m distances excluded. Dispersal quantiles, based on the predicted distribution of ßies as an average of the four census periods, are presented in Table 2 . On average, 50% of ßies dispersed Յ10 m and 95% dispersed Յ29 m.
Dispersal Distances by Fly Sex. A total of 28 marked ßies (7%) were recovered from the Norwood dispersal experiment (15 males, 13 females). At Montpelier, 21 ßies (3%) were recovered (14 males, 7 females). The mean distances (mean Ϯ SE) dispersed by sex were not different at either location (Norwood: t ϭ 0.51, df ϭ 26, P ϭ 0.6, males 14.6 Ϯ 2.9 m, females 17.2 Ϯ 4.3 m; Montpelier trial 4: t ϭ Ϫ0.26, df ϭ 12.8, P ϭ 0.8, males 33.6 Ϯ 4.6 m, females 30 Ϯ 6.1 m).
Discussion
An important condition of mass-release-recapture (and resighting) studies is that sufÞcient numbers of insects be released to enable adequate resighting frequencies for statistical analyses (Cronin et al. 2001 ). However, high densities of insects released from a single point can result in density-dependent movement, leading to biased movement rate estimates (Turchin 1998) , because agitation dispersal may cause insects to disperse more widely, or lead to more directed movement paths to minimize intraspeciÞc encounters (Cronin et al. 2001) . Whatever the biological reasons for dispersal, the result is that the population density decreases with increasing distance from the central release point because of an area dilution effect, and the data set consists of measurements of density at several points in space and time (Freeman 1977 , Turchin 1998 .
The objective of recapturing ßies is to obtain an estimate of the spatial density of ßies to compute density-distance curves, and the estimates serve as basic data for Þtting various spatial movement models (Southwood 1978 , Sutherland 1996 . The trapping grid should extend far enough to sample a substantial proportion of disperser end points, which should ideally enclose 90 Ð95% of dispersers; however, some extrapolation beyond the recapture grid may be necessary (Turchin 1998) . Attempting to maximize recapture of released organisms should not be the goal of a dispersal study, but, instead, the aim is to obtain Dispersal quantiles are radii of a circle (in meters) enclosing 50 and 95% of dispersers. Trial 1 had insufÞcient resightings and was excluded for analysis. a reasonable estimate of the spatial density of organisms (Turchin 1998) .
In this study, the short-term density distribution of P. tricuspis dispersers agreed with predictions of a simple diffusion model (equation 3). However, initial analyses of trials 2 and 3 had nonsigniÞcant linear Þts, suggesting a departure from the simple diffusion model. Among insects, these departures are usually recaptures that are lower-than-expected near a point source and recaptures that are greater-than-expected farther from a point source (i.e., leptokurtic), and can occur when a population of dispersing insects is comprised of two or more subgroups that have different dispersal capabilities (Turchin 1998 , Cronin et al. 2000 . The lack of Þt of the trials 2 and 3 suggests that redistribution in P. tricuspis may be better described with a heterogeneous diffusion model (see Cronin et al. 2000) . Although we have no evidence of short-term heterogeneous diffusion, we note that in trial 1 no ßies were resighted at the innermost annulus (25 m), but were observed beyond that distance. Moreover, zero resightings at 20 m were found in both trials 2 and 3. These resighting gaps may suggest two dispersal forms of P. tricuspis: slow moving and fast moving dispersers. Before excluding observations beyond 20 m in trials 2 and 3, the R 2 values hinted that the null diffusion model (equation 3) less adequately described the redistribution patterns of P. tricuspis (Table 2 ), but did Þt the redistribution pattern very well in trial 4. However, trial 4 had twice the source strength of dispersers compared with trials 2 and 3, and the resighting radii were twice that of trials 2 and 3. It is possible that the random diffusion model Þt the density distribution in trial 4 well because the data consisted of a majority of endpoint dispersers.
Regardless of the means of dispersal, it is apparent that both sexes of P. tricuspis can disperse considerable distances very quickly after release. Although insufÞcient resighting data were obtained in the Þrst Montpelier dispersal trial (perhaps because the resighting distances were too far in relation to the number of ßies released), it is nevertheless noted that at least one ßy was resighted 150 m from the point of release, and ßies were also resighted up to 185 m from release areas within 2 h of release during preliminary trials at Natchitoches, LA, during June 2005. Beyond these distances it would be very difÞcult to observe ßies, owing to a dilution effect at greater distances from the release point. However, by increasing the source strength of dispersers, it is possible to extend the limits of detection (see Nathan et al. 2003) .
StratiÞed dispersal by P. tricuspis has been suggested as a means by which it attains annual population spread rates of 20 Ð30 km or more in Florida, Louisiana, and Texas (Pereira and Porter 2006 , Henne et al. 2007b , LeBrun et al. 2008 . Like most small ßying insects, P. tricuspis probably has a combination of long-distance undirected dispersal in upper winds and short-distance directed ßights to host ants at the surface [see Compton (2002) for a recent review of wind dispersal]. Furthermore, high-speed atmospheric upper-level winds are capable of redistributing fractions of populations considerable distances (Hengeveld 1989) .
The pattern of displacement in trials 3 and 4 suggest that P. tricuspis was orienting upwind toward S. invicta alarm pheromones (see Fig. 2 ). Volatile attractants are detected downwind of their source, so insects must ßy upwind to locate this source. It has been shown under Þeld conditions that parasitoids orient to host habitats via upwind (positive) anemotaxis (Compton 2002 , Williams et al. 2007 ). In all dispersal trials at Montpelier, ßies rapidly dispersed from the cage after the lid was removed, and many were observed ßying straight up in the air toward the sun. In trial 3, several ßies were resighted 30 m away from the release point, and many trays at 5Ð10 m had 2Ð 4 ßies, less than 5 min postrelease. In trial 4, a single ßy was resighted 40 m from the release point at 10 min postrelease. It does not appear likely that ßies traveled these distances in such a short time without the aid of wind transport, as the energy costs involved would be considerable (Roff 1977) . Morrison et al. (1999) performed trials to quantify dispersal of Pseudacteon parasitoids of S. geminata in Texas. Within 15 min, Pseudacteon adults appeared at bait stations located Ͻ50 m from the nearest populations of S. geminata, and ßies were ultimately detected hundreds of meters away from host ant populations. It is unknown whether these ßies actually dispersed from the S. geminata population at the time these trials were performed, or if Pseudacteon adults had previously dispersed at some earlier time and were already in the air. Unfortunately, it is almost impossible to track movements of individual P. tricuspis because of their miniscule size and rapid ßight, but immunomarking adults with proteins or marking with ßuorescent dusts would help resolve this question of spatio-temporal movement of Pseudacteon spp. (see Boina et al. 2009 ).
One possible shortfall of this study is that the duration of the dispersal studies reported here may have been too short relative to the lifespan of the ßies. The choice of a 2-h study was decided because releases of P. tricuspis in Louisiana were normally done within a 2-h time frame (Henne et al. 2007a ). Studies to evaluate postrelease loss rates and mortality of P. tricuspis under natural conditions have yet to be done. It is also possible that exposure to host volatiles are important to keep ßies in the area. For instance, Hougardy and Mills (2006) showed that Mastrus ridibundus (Grevenhorst) (Hymenoptera: Ichneumondiae) females deprived of host stimuli are much more dispersive than females that were provided with hosts before release. The effect of presenting hosts to P. tricuspis females before release has also not been evaluated, but would appear to be important.
The experimental design used here is only one of many, and more Þeld studies are encouraged. For example, the recently described phorid ßy sticky trap (Puckett et al. 2007 ) could be a valuable apparatus in future Pseudacteon dispersal studies to ascertain dispersal patterns, long-distance dispersal events and to model dispersal kernels of these parasitoids (LeBrun et al. 2008) . Additionally, the putative role of wind in transporting P. tricuspis long distances should be tested experimentally. Nevertheless, the study reported here provides valuable information about phorid ßy dispersal and redistribution patterns that were previously unknown.
